Background
==========

Alzheimer's disease (AD) is a degenerative disease that is characterized by massive neuron devastations in the hippocampus and cortex. As a typical dementia in the central nervous system (CNS), the AD has an incidence rate of approximately 10% in the elderly population worldwide \[[@b1-medscimonit-26-e923232]\]. Mild cognitive impairment (MCI) is the transitory stage between normality and AD dementia. It is a heterogeneous condition that may precede diseases other than AD and with different pathologies \[[@b2-medscimonit-26-e923232]\]. As a prodromal stage of AD, MCI patients have a high risk of progressing into AD. In the past decades, MCI has earned abundant interest from epidemiological and pathological studies \[[@b3-medscimonit-26-e923232]\]. This disease can devastate cognitive function, alter personality, and impair daily quality of life. However, the pathological damage of MCI and early AD are difficult to differentiate. Accumulating evidence suggests that AD patients may always have had evident visual function impairments, implicating that they might have undergone some disruptions in the visual system \[[@b4-medscimonit-26-e923232]\]. A pioneering histological study found retinal ganglion cell (RGC) degeneration and optic nerve trophy in MCI patients, indicating a definite relationship between visual system degeneration and AD pathology \[[@b5-medscimonit-26-e923232]\]. Generally, AD is diagnosed based on a combination of clinical symptoms, biomarkers, and imagological examinations. However, these examinations are expensive and invasive, and might cause potential discomfort or suffering in patients. AD patients are always diagnosed at late stages when they already have terrible symptoms. On the other hand, pathological changes, such as amyloid beta (Aβ) plaques and neurofibrillary tangles (NFT), begin as early as 20 years before symptom onset \[[@b6-medscimonit-26-e923232]\]. Consequently, it is imperative to develop a noninvasive, rational, and reliable approach that would be helpful for the efficient diagnosis of MCI.

Retina is type of neural tissue that is considered a peripheral element of the CNS \[[@b7-medscimonit-26-e923232],[@b8-medscimonit-26-e923232]\]. The optic nerve derives from the RGC axons that is located in the innermost layer of retina. This cranial nerve tissue shares many similarities with brain tissue \[[@b9-medscimonit-26-e923232]\]. Accordingly, retina and optic nerve might be involved in the pathological processes of CNS disorders. For instance, retinal degeneration occurs in patients with neurodegenerative disorders, and shares mutual pathogenic mechanisms to some extent \[[@b10-medscimonit-26-e923232]\]. Therefore, the pathological characteristics of CNS disease might manifest in the retina. It is rational to assess the retina which is considered a continuum of the CNS and has several similarities with the brain. The lamina cribrosa (LC) is the site where optic nerve axons of the retina run through it, and it is vulnerable to axonal damage \[[@b11-medscimonit-26-e923232]\]. Several ophthalmological studies have shown that the LC is severely damaged during RGC axonal loss \[[@b12-medscimonit-26-e923232],[@b13-medscimonit-26-e923232]\]. Patients with Parkinson's disease or glaucomatous nerve fiber damage are reported to have thinner LC. Consequently, examination of the LC may afford instrumental information on the pathological procession of CNS disease. In the past decades, spectral-domain optical coherence tomography (SD-OCT) has been used as a diagnostic approach for retinopathy and optic neuropathies \[[@b14-medscimonit-26-e923232]\]. Particularly, SD-OCT can produce cross-sectional images of the LC *in vivo*. With the assistance of this approach, retinopathies such as posterior laminar displacement and focal LC damage in human eyes can be discovered efficiently \[[@b15-medscimonit-26-e923232],[@b16-medscimonit-26-e923232]\]. Thus, in this study, we aimed to analyze the LC in MCI patients via SD-OCT examination.

Biomarkers can be used to objectively evaluate the pathological processes of CNS disorders \[[@b17-medscimonit-26-e923232]\]. Generally, biomarkers include neuroimaging, biochemical, and genetic biomarkers. Some neuroimaging modalities, such as the electroencephalography (EEG) and magnetoencephalography (MEG), are economical, non-invasive tools used to study the dynamic changes of the brain \[[@b18-medscimonit-26-e923232],[@b19-medscimonit-26-e923232]\]. Event-related potential (ERP) is electrical activity produced by the brain time-locked to sensory, cognitive, or motor stimulus. EEG and ERP reliably reflect the synaptic transmission processes, and they seem to be particularly suitable for studying the disorder of synaptic plasticity of AD \[[@b20-medscimonit-26-e923232]\]. Several promising indices of EEG and ERP have been put forward as functional biomarkers of synaptic neurotransmission in AD. The spectral power and coherence in different frequency bands can offer effective tools for diagnosing AD. Correlation dimension, multi-scale entropy, and complexity measurements are frequently used EEG parameters \[[@b21-medscimonit-26-e923232],[@b22-medscimonit-26-e923232]\]. For instance, EEG studies have shown that reduced alpha power and increased delta are the most prominent features of AD patients \[[@b23-medscimonit-26-e923232]\]. Moreover, the severity of P300 abnormality is associated with impaired memory and cognition in AD patients \[[@b24-medscimonit-26-e923232]\]. These functional biomarkers could open a new window to objectively assess the neuronal activities associated with AD and MCI.

Although the EEG/MEG-based neuromarkers are effective indicators to assess the disease progression status, they do not directly reflect the pathological characteristics of lesions in the brain. As reported by a series of research studies, a huge variability is implicated in the predictive algorithms of both EEG and MEG \[[@b20-medscimonit-26-e923232],[@b25-medscimonit-26-e923232]\]. Therefore, it is urgently needed to search for neuromarkers that are the most rational for application in clinical practice. A possible biomarker for staging the neuropathological lesions in AD is melatonin. Melatonin is a pineal hormone that is involved in circadian rhythms, and may also exert neuroprotective effects on AD \[[@b26-medscimonit-26-e923232]\]. A recent clinical study showed that the cerebrospinal fluid (CSF) levels of melatonin are decreased significantly in the temporal cortex of aged AD patients, highlighting that changes in CSF melatonin levels may be a pioneering event even before clinical symptoms occur in AD patients \[[@b27-medscimonit-26-e923232]\]. Another study showed that the melatonin receptors in AD patients were impaired with severe consequences of pathologies and clinical symptoms \[[@b28-medscimonit-26-e923232]\]. The variations related to melatonin receptor type 1A gene (MTNR1A) should be considered as a shared genetic risk factor for AD in aged populations \[[@b29-medscimonit-26-e923232]\]. Therefore, melatonin might act as a diagnostic marker for disorders in the neuro-immuno-endocrine system. Pioneering research has shown that exogenous melatonin supplements could confer cytoprotection on ocular cells \[[@b30-medscimonit-26-e923232]--[@b32-medscimonit-26-e923232]\]. Our study aimed to explore whether melatonin induced beneficial effects on the LC of MCI patients. We aimed to show that LC assessment using the noninvasive imaging technique can act as an auxiliary diagnosis method of MCI, and facilitate preventive measures against disease progression. The dietary melatonin therapy could therefore increase LCT and reduce CSF T-tau levels of MCI patients. Thus, this study data could enrich our understandings about melatonin and could shed light on developing an effective therapy for MCI patients with LC alterations.

Material and Methods
====================

Study design
------------

The study protocol followed the Declaration of Helsinki and was approved by the ethics review committee of Liaohe Oil Gem Flower Hospital and Jinzhou Medical College (No. 201815069). MCI patients were consecutively recruited from the Liaohe Oil Gem Flower Hospital and enrolled between September 2017 and December 2018. Age matched volunteers were enrolled and establish a control group. All participants received oral and written information about the study, and each participant provided written informed consent. Their common data including age, sex, education background, systemic hypertension, intraocular pressure (IOP), axial length, and central corneal thickness (CCT) were thoroughly recorded. The educational level of these participants was classified as the primary school (0 to 6 years), secondary school (6 to 15 years), and high school (\>15 years) following a previously described method \[[@b33-medscimonit-26-e923232]\].

Inclusion and exclusion criteria
--------------------------------

The diagnosis of MCI was based on the 4th edition Diagnostic and Statistical Manual of Mental Disorders (DSMIV). The cognition function of participant was evaluated by the Mini Mental State Examination (MMSE) \[[@b34-medscimonit-26-e923232]\]. These patients scoring 24 to 30 points were classified as having MCI. Magnetic resonance imaging (MRI) examination was performed to exclude other diseases of the CNS. Inclusion criteria included the following: patient complaints in memory items corroborated by a relative; the patient was not normal nor demented; abnormal performance in the delayed recall; normal general cognitive function; instrumental activities of daily living were generally good. Exclusion criteria were as follows: patients younger than 65 years or older than 75 years, with alcohol addiction, memantine drug usage, metabolic syndrome, Parkinson's disease, mental disease, hallucinations, history of ischemic or hemorrhagic stroke. All participants underwent ophthalmic examinations, and patients have corneal pathology, dense media opacities, history of uveitis, glaucomatous optic neuropathy, or congenital abnormal optic disc were excluded from this study. Patients with concomitant ocular disease and systemic medication known to affect the IOP were also excluded from this study. Using the same exclusion criteria, the control participants were recruited from healthy volunteers who had no cognitive complaint, systemic, neurologic, or ophthalmic disease history.

Pharmacological administration
------------------------------

All the recruited MCI patients were randomly assigned to receive melatonin (experimental group) or placebo capsules (placebo group). Experimental participants received melatonin (at the dose of 0.15 mg/kg) for consecutively 6 months, while the placebo group received lactose placebo capsules. The melatonin or placebo was given at 20: 30 pm. All participants received 2 hours of usual indoor light exposure (150--200 lux) before taking the drugs. The drugs were administrated in a double-blind design by randomized allocation. All participants were to undergo a follow-up colonoscopy 1 year after enrolment.

MRI examination
---------------

MRIs are segmented at different scales using non-local patch based multi-atlas methods. All structure segmentations are based on volBrain expert definition. Neuroimaging was performed using a 1.5 T Siemens Aera scanner (Siemens, Germany). Structural images were acquired using T1-weighted 3D Magnetization Prepared Rapid Gradient Echo (MPRAGE) sequence in sagittal plane. The MR T1 data was downloaded from PACS server, transferred and processed using different software. MR data was concerted to NİFTİİ format for volume analysis. The volBrain analysis system was used to calculate hippocampal volume. This system works remotely through a web interface using a SaaS (Software as a Service) model following a previously described method \[[@b35-medscimonit-26-e923232]\].

SD-OCT examination and measurements
-----------------------------------

NSD-OCT (Tomey, Ultrasonic Pachymetry, Germany) with an enhanced depth-imaging program was used to quantify the LCT of each participant. The protocol for SD-OCT scanning and LCT analysis followed a previously described method \[[@b5-medscimonit-26-e923232]\]. Briefly, 1% tropicamide solution was used to dilate the pupils before examination. Scanning laser images were properly aligned with the optical nerve head (ONH) in the center of the scan. From these horizontal B scans, we selected 3 frames (center, mid-superior, and mid-inferior) that passed through the ONH. [Figure 1A](#f1-medscimonit-26-e923232){ref-type="fig"} illustrates the LCT borders and Bruch membrane opening (BMO) in ONH OCT images of an AD patient and a normal control. Measurements were acquired using HEYEX software 6.0 (Heidelberg Engineering Inc., Heidelberg, Germany). High resolution images of the choroid and retinal nerve fiber layer (RNFL) were obtained with using affiliated imaging protocols of OCT. Choroid thickness was measured with horizontal B-scans on vertical lines running towards the chorioscleral junction. The outer boundaries of the visible choroid vessels were considered the chorioscleral junction. In the measurement of circumpapillary RNFL, radial scans were visualized with the shadow-removal functionality protocol. Each measurement was performed 3 times by the same examiner, and the mean value was calculated

CSF protein analysis
--------------------

CSF specimens were harvest via fluoroscopy-guided lumbar puncture technique. The CSF analysis was performed by board-certified laboratory technicians who were blinded to the group information and clinical diagnoses. The expression levels of tau (T-tau), amyloid-beta 1--42 peptide (Aβ1--42), and tau phosphorylated at threonine 181 (P-tau181P) in the CSF samples were analyzed using the commercially available Luminex^®^ 200™ assays (Luminex, Austin, TX, USA). A quality control sample was evaluated in duplicate on each run used to complete the analysis.

Statistical analysis
--------------------

The analysis of LCT and LCD was conducted by the same examiner using similar class measurement parameters in these selected eyes. The numeric data are presented as mean±standard deviation (SD). Qualitative variables are presented as count and percent. Chi-square test was used to compare the enumeration data between groups. For categorical variables, Pearson's chi-square test and Fisher's exact test were performed for parametric and nonparametric comparisons, respectively. *P*\<0.05 was considered to have statistically significance.

Results
=======

In total, 85 patients diagnosed as MCI were initially involved in this study. Of these 85 patients, 4 patients (4.70%) were excluded for the concurrent ophthalmic complications (glaucoma); 2 patients (2.35%) were excluded for the poor imagining quality of the LC borders beneath the vascular structures, yielding a final sample of 79 MCI patients for final analysis. Seventy-nine healthy age-matched volunteers who met the same inclusion criteria were recruited for this study, and none was excluded. Bilateral eyes of each participant were examined and subjected to further analysis.

The basic characteristics and ophthalmological data of the MCI patients and healthy controls are summarized in [Table 1](#t1-medscimonit-26-e923232){ref-type="table"}. The MMSE score of the healthy control group (28.86±1.53) was significantly larger compared with the MCI group (22.09±3.05; *P*\<0.001). The mean age was 66.7±8.6 years in the MCI group (38 males and 41 females), and 66.0±8.3 years in the healthy control group (39 males and 40 females), with no statistical difference between the 2 groups (*P*=0.68). The Best-Corrected Visual Acuity (BCVA) score was at least 6 out of 10 in all participates, with no statistical difference between the 2 groups (*P*=0.84). The refractive error (measured as mean spherical lens equivalent), was 0.17±1.63 D in the healthy controls, and 0.26±1.81 D in the MCI group (*P*=0.58). The axial length (mm) was 23.29±0.63 mm in the healthy controls and 23.56±0.76 mm in the MCI group (*P*=0.65). Educational level of the 2 groups did not significantly differ from each other (*P*=0.27). The IOP (mmHg) was 14.96±3.18 mmHg in the healthy controls and 14.55±3.21 mmHg in the MCI group (*P*=0.59). The central corneal thickness was 539.17±30.09 μm in the healthy control group and 537.60±28.52 μm in the MCI group (*P*=0.92). The vertical disc diameter (VDD) was 1741.9±155.8 μm in the healthy group and 1750.2±167.3 μm in the MCI group (*P*=0.96). The horizontal disc diameter (HDD) was 1573.3±139.8 μm in the healthy control group and 1562.9±165.2 μm in the MCI group (*P*=0.89). The retinal nerve fiber layer (RNFL) thickness was 103.7±13.0 μm in the healthy group and 86.2±9.9 μm in the MCI group (*P*\<0.001). The choroid thicknesses at subfoveal region was 249.5±30.1 μm in the healthy control group and 221.3±26.9 μm in the MCI group (*P*\<0.001). The choroid thicknesses at temporal region was 228.0±25.6 μm in the healthy control group and 221.5±21.0 μm the MCI group (*P*=0.684). The choroid thicknesses at nasal region was 216.7±21.8 μm in the healthy control group, and 213.3±20.5 μm in the MCI group (*P*=0.761).

The hippocampal volume of participates are presented in [Table 2](#t2-medscimonit-26-e923232){ref-type="table"}. The total hippocampal volume of the healthy control group was significantly higher compared with the MCI group (7.73±0.61 mm^3^ versus 6.41±0.52 mm^3^; *P*\<0.001). In greater detail, the hippocampal volumes of each lobe were separately analyzed. The right and left hippocampal volumes were 3.85±0.36 and 3.82±0.33 in the MCI group, while 3.29±0.21 and 3.26±0.22 in the healthy control group (*P*\<0.001). The CSF pressure was 13.1±2.2 mmHg in the healthy group and 13.6±2.5 mmHg in the MCI group (*P*=0.24). In the CSF proteins analysis, the Aβ1--42 level was 471.25±130.79 pg/mL in the healthy group and 338.51±122.05 pg/mL in the MCI group (*P*\<0.001). The T-tau level was 64.09±18.21 pg/mL in the healthy group and 93.18±25.01 pg/mL in the MCI group (*P*\<0.001). The P-tau181P level was 25.49±12.06 pg/mL in the healthy group and 36.64±15.23 pg/mL in the MCI group (*P*\<0.001).

The mean LCT was 228.03±16.65 μm in the MCI group and 246.25±16.08 μm in the healthy control group (*P*\<0.001). In greater detail, the thickness of superior, central, inferior LC was separately analyzed and compared. The superior LCTs were 230.81±15.92 μm in the MCI group, and 209.25±15.80 μm in the healthy control group (*P*\<0.001). The central LCTs were 246.61±17.06 μm in the MCI group, and 259.82±16.91 μm in the healthy control group (*P*\<0.001). The inferior LCT were 221.62±17.21 μm in the MCI group and 238.06±18.25 μm in the healthy control group (*P*\<0.001). These findings suggested that the LCT at 3 locations (superior, central, and inferior) were significantly larger in the healthy control group than those in the MCI group. The LCD was 433.69±87.70 μm in the MCI patients, and 436.54±77.29 μm in the healthy controls (*P*=0.72). Furthermore, our data suggested that LCT decreased in parallel with the reduced hippocampal volume, indicating a significant correlation (*P*\<0.001, [Table 3](#t3-medscimonit-26-e923232){ref-type="table"}). In the patients with MCI, the univariate analysis revealed that a lower MMSE score (*P*=0.038; 95% CI: 0.876, −0.209), a smaller hippocampus volume (*P*=0.001; 95% CI: −1.594, −2.911), higher level of CSF T-tau (*P*=0.036; 95% CI: 2.546, 0.271) were associated significantly with the thinner LCT. In multivariate analysis, the LCT was influenced significantly by the CSF T-tau level (*P*=0.041; 95% CI: 2.109, 0.562) and hippocampus volume (*P*\<0.001; 95% CI: −1.082, 2.114). The relationship between LCT and hippocampus volume was significant for both a linear model (R^2^=0.278, *P*\<0.001; [Figure 1B](#f1-medscimonit-26-e923232){ref-type="fig"}, black line) and a nonlinear model (R^2^=0.295, *P*\<0.001; red line).

In the therapeutic trial, the MMSE score of the melatonin treated group (23.19±2.06) was significantly larger compared with the placebo group (20.56±2.17; *P*\<0.001, [Table 4](#t4-medscimonit-26-e923232){ref-type="table"}). The mean age, educational level, IOP, BCVA, refractive error, the axial length, central corneal thickness, VDD, HDD, and choroid thicknesses were not significantly different between the 2 groups. The RNFL thickness was 82.6±9.1 μm in the melatonin treated group, and 76.8±8.3 μm in the placebo group (*P*\<0.001). The total hippocampal volume of the melatonin treated group was significantly higher compared with the placebo group (6.71±0.39 mm^3^ versus 6.49±0.32 mm^3^; *P*\<0.001; [Table 5](#t5-medscimonit-26-e923232){ref-type="table"}). The right and left hippocampal volumes were 3.85±0.36 and 3.82±0.33 respectively in the melatonin treated group, while 3.38±0.31 and 3.36±0.29 respectively in the placebo group (*P*\<0.001). In the CSF proteins analysis, the Aβ1--42 level was 329.62±117.59 pg/mL in the melatonin treated group and 310.82±118.66 pg/mL in the placebo group (*P*\<0.001). The T-tau level was 95.05±22.94/mL in the melatonin treated group and 108.29±17.60 pg/mL in 329.62 (*P*\<0.001). The P-tau181P level was 38.27±13.80 pg/mL in the melatonin treated group and 45.08±12.73 pg/mL in the placebo group (*P*\<0.001). The LCD was 435.80±70.18 μm in the melatonin treated group, and 432.65±68.24 μm in the placebo group (*P*=0.72). The mean LCT was 226.89±16.02 μm in the melatonin treated group and 215.42±15.28 μm in the placebo group (*P*\<0.001). The superior LCTs were 206.91±14.55 μm in the melatonin treated group, and 195.29±15.10 μm in the placebo group (*P*\<0.001). The central LCTs were 246.83±16.02 μm in the melatonin treated group, and 238.50±13.79 μm in the placebo group (*P*\<0.001). The inferior LCT were 220.54±15.16 μm in the melatonin treated group and 205.08±14.21 μm in the placebo group (*P*\<0.001). These findings suggested that the LCT at different locations (superior, central, and inferior) were significantly larger in the melatonin treated group than in the placebo group.

Discussion
==========

AD patients always suffer from serious dementia, memory loss, and cognitive dysfunction. Mild cognitive impairment (MCI) is recognized as the transitory state between normality and AD dementia. Retina is a peripheral component of the central neural system. The anatomical and physiological features of the retina share many commonalities with the brain. These features collectively make the physical examination of the retina an effective, safe, and economic approach for evaluating brain lesions \[[@b36-medscimonit-26-e923232],[@b37-medscimonit-26-e923232]\]. In the past decades, retinal imaging has been developed into a non-invasive method to assess the optic nerve axons and central neural system \[[@b38-medscimonit-26-e923232]\]. A pioneering study demonstrated that the macular volume of AD patient is significantly smaller than that in healthy controls \[[@b16-medscimonit-26-e923232]\]. Another study showed that the RNFL thickness reduced significantly in AD patients, providing a potential diagnostic marker of the nervous system axonal loss \[[@b39-medscimonit-26-e923232]\]. Herein, we analyze the hippocampal volume and LC thickness in the MCI patients, and compare these data with the healthy controls. We show that these MCI patients have smaller LCT compared with the healthy controls. To our knowledge, this is the first study to verify the relationship between hippocampal volume and LCT in these MCI patients. Furthermore, the melatonin treatment can preserve the LCT and reduce the CSF T-tau level in the MCI patients. Dietary melatonin therapy would provide an effective medication for these MCI patients with LCT alterations. The RNFL is composed of axon bundles that originate from RGCs. RNFL is located just under the innermost neural layer of the retina surface. On the other hand, the choroid is composed of vascular structure and plays a critical role in the pathogenesis of various retinopathies \[[@b40-medscimonit-26-e923232]\]. Thus, examination of the RNFL and choroid is helpful for the diagnosis and monitoring of eye diseases. A previous study found significant RGC loss and reduced RNFL thickness in these AD patients \[[@b41-medscimonit-26-e923232]\]. RFNL thinning was also detected in these patients with dementia of Lewy bodies \[[@b42-medscimonit-26-e923232]\]. This evidence indicates a close relationship between retinal degeneration and AD pathology. The RNFL and choroid thickness increase significantly after melatonin therapy, suggesting that melatonin also exerts beneficial effects on the retina and choroid of MCI patients.

LC is composed of extracellular matrix and multiple cellular components (such as astrocytes and microglia cells). Generally, LC affords structural and metabolic support to optic nerve fibers. LC degeneration is found both in the physiologic aging or pathologic conditions \[[@b43-medscimonit-26-e923232]\]. The present study showed that LCT is closely correlated with the hippocampal volume in MCI patients, thereby affording an effective diagnostic marker for these disorders. The data of hippocampal atrophy agree well with a previous study and is considered as a marker of the progression in MCI patients \[[@b44-medscimonit-26-e923232]\]. In clinical practice, diagnostic criteria are insufficient to discriminate MCI from other causes of dementia \[[@b45-medscimonit-26-e923232]\]. Thus, some ancillary methods are necessary for the diagnosis of MCI. Emerging studies intend to measure the level of amyloid deposition in central nervous system via detecting structural alteration in the optic disc. In postmortem analyses, tau, Aβ plaques, ubiquitin, and α-synuclein were studied, revealing correlation to disease severity \[[@b46-medscimonit-26-e923232]\]. It has been proposed that increased tau protein promotes the neurodegeneration process, predisposing laminar astrocytes to degeneration and results in a decreased LCT \[[@b47-medscimonit-26-e923232]\]. In this study, the upregulated T-tau level was correlated with the reduced LCT in MCI patients. Since the CSF tau can influence the stability of the cytoskeleton of laminar astrocytes, the LCT may serve as a potential indicator for alterations of the CSF tau level \[[@b48-medscimonit-26-e923232]\]. Generally, the biomarkers are not appropriate for clinical practice as they are expensive, invasive, and time-consuming. Thus, non-invasive methods such as retina examination have become a focus of interest with promising results \[[@b49-medscimonit-26-e923232]\]. These findings highlight the possibility that LCT may serve as a candidate marker for the impaired cognitive function.

Neuromarkers include a series of functional and chemical indicators to facilitate the diagnosis of AD and MCI. Functional neuromarkers are brain metabolic activities and electrical activities which can detected by means of neuroimaging (e.g., EEG and ERP) at millisecond time resolution \[[@b50-medscimonit-26-e923232]\]. These functional neuromarkers are effective for creating specific patterns of brain changes and signal communication. They are also used to monitor the results of treatment by protocols of neuromodulation. EEG and MEG provide economical, non-invasive tools for the diagnosis of AD and studying disease progression, and they open a fresh view to cognitive decline from a network perspective \[[@b51-medscimonit-26-e923232]\]. Furthermore, these chemical indicators also provide safe biomarkers for diagnosis, prognosis, and evaluation of therapeutic responses of AD and MCI \[[@b52-medscimonit-26-e923232],[@b53-medscimonit-26-e923232]\]. These chemical indicators play significant roles in the signal transmission of axonal pathways. In particular, melatonin may act as a candidate neuromarker for AD and MCI. Melatonin is a circadian neurohormone that modulates the brain activity in endocrine manner \[[@b54-medscimonit-26-e923232]\]. Both melatonin deficiency and synaptic injury have been found in the initial stages of AD \[[@b55-medscimonit-26-e923232]\]. Clinical trials have shown that the melatonin level of AD patients was reduced significantly, which makes the brain neurons more vulnerable to oxidative stress \[[@b56-medscimonit-26-e923232]\]. Research studies have proposed that the melatonin shortage may be related to plaque formation in the brain \[[@b57-medscimonit-26-e923232]\]. On the other hand, melatonin can mitigate the amyloid precursor protein (APP) formations and fibril production in AD patients \[[@b58-medscimonit-26-e923232]\]. Melatonin is reported to exert beneficial effects on the hippocampus and inhibits mitochondrial impairments in a rat model of AD \[[@b59-medscimonit-26-e923232]\]. Melatonin supplementation alleviates chronobiological symptoms such as sundowning and agitation and confusion in AD patients \[[@b60-medscimonit-26-e923232]\]. These beneficial potencies are thought to prevent neuronal loss and improve cognitive processes in AD and MCI patients. Herein, we show that dietary melatonin supplements can alleviate the LCT reduction in the MCI patients. The elevated IOP has been recognized as a critical risk factor for the LC damages in patients. On the other hand, several lines of evidences show that melatonin and analogues are effective in decreasing IOP in hypertensive eyes. As a well-known antioxidant, melatonin is not only able to scavenge free radicals directly, but also can enhance the production of endogenous anti-oxidative enzymes \[[@b61-medscimonit-26-e923232]\]. Thus, melatonin may protect the extracellular matrix and cellular components of LC (such as astrocytes and microglia cells) from oxidative insults. This might be the underlying mechanism that is responsible for the melatonin-mediated protection on LC.

LC plays a critical role in preserving the morphological integrity of nerve fibers, and in transmitting neurotrophic factors sent from the upper centers to RGCs \[[@b62-medscimonit-26-e923232],[@b63-medscimonit-26-e923232]\]. In AD patients, impaired astrocyte functions may cause structural changes in the LC similar to the pathological conditions in glaucoma \[[@b64-medscimonit-26-e923232]\]. Moreover, the RGC axons are vulnerable to mechanical insults. The LC defects that occur during the progression of neurodegeneration may hinder the transmission of neurotrophic factors to RGCs, causing disturbances of RGCs functions \[[@b65-medscimonit-26-e923232]\]. It has been shown that the laminar region of the ONH is extremely vulnerable during axonal loss \[[@b66-medscimonit-26-e923232]\]. However, it is unclear whether LC thinning is due to either physiological aging or pathophysiological aging. A pioneering study showed that LC is thinner in AD patients with higher tau protein level in CSF \[[@b48-medscimonit-26-e923232]\]. Another study showed that injecting Aβ binding protein in patients with MCI could enhance the level of inclusion cells in retina \[[@b67-medscimonit-26-e923232]\]. We expanded these findings by studying the LCT and comparing hippocampus volume in MCI patients. These findings may be helpful to demonstrate correlation between cerebral and retinal damages.

In the past decade, developments in imaging modalities afford a unique opportunity to examine the LC architectures *in vivo* \[[@b68-medscimonit-26-e923232]\]. SD-OCT is capable of detecting early onset histopathological changes in the LC, such as the reduced thickness and posterior displacement of the LC. SD-OCT is efficient to capture the focal LC defects because it can differentiate the artifacts from actual LC defects due to vascular shadowing \[[@b69-medscimonit-26-e923232]\]. Therefore, we performed LC measurements via the SD-OCT and analyze the *in vivo* imagines. Volumetric measurement of several cerebral structures by using advanced neuroimaging techniques have become a method used for diagnosis and prognosis of neurodegeneration \[[@b70-medscimonit-26-e923232]\]. MRI in combination with software calculating brain volumes allows us to conduct unique investigations on brain structures and their functions \[[@b71-medscimonit-26-e923232]\]. In this study, we performed volumetric measurement for hippocampus after processing and correlated results with LCT which may be a potential prognostic marker. The hippocampus is pivotal for human learning and memory. It also plays a critical role in the subcortical networks to control the electrical activity of brain \[[@b72-medscimonit-26-e923232]\]. Generally, the hippocampus does not work in isolation, but connects extensively with other brain regions \[[@b73-medscimonit-26-e923232]\]. The hippocampus is well known to suffer from the structural degeneration with age, because it is a stress-susceptible region in the brain. A typical brain abnormality in AD is the reduced hippocampus volume. The reduction in hippocampus volume is believed to impair the learning and memory function of patients \[[@b74-medscimonit-26-e923232]\]. The hippocampus is more reliable than other structures for predicting the progressive course of MCI to AD in volumetric measurement \[[@b75-medscimonit-26-e923232]\]. Accordingly, commencement of disease-modifying agents at an early phase is important in order to prevent progression. Researchers have proposed that hippocampus atrophy could be used as a marker for progression of MCI to AD. Therefore, the *in vivo*, non-invasive assessment would be helpful for the diagnosis and prognosis of patients with MCI.

Admittedly, there were some limitations in our study such as the relatively small sample size Moreover, our study was also limited by the fact that the MCI diagnosis was made according to clinical and MRI findings without using specific tests such as positron emission tomography (PET) scan which will show amyloid accumulation. Another limitation is that we did not include more patients with different types of MCI to perform a comparative analysis. Further larger scale studies with longer follow-up profiles are necessary to validate these findings.

Conclusions
===========

Non-invasive measurements such as OCT examination are helpful for the diagnosis of MCI. Dietary melatonin therapy can preserve the LCT, while reducing the CSF T-tau level of MCI patients. These data enrich our understandings about melatonin and shed light on developing an effective medication for MCI patients with LC alterations.
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![(**A**) VolBrain analysis system was used to analyze the hippocampal volume. MRIs were segmented at different scales using non-local patch-based multi-atlas methods. The intracranial cavity was extracted, and 8 subcortical structures were segmented including: lateral ventricles, caudate nucleus, putamen, thalamus, globus pallidus, hippocampus, amygdala, and nucleus accumbens. (**B**) LC measurements via the enhanced depth imaging SD-OCT. Anterior and posterior borders of the highly reflective region at the vertical center of the ONH in the horizontal cross-section images were defined as LCT boundaries, and the distance between them was defined as LCT. MRI -- magnetic resonance imaging; LC -- lamina cribrosa; LCT -- lamina cribrosa thickness; SD-OCT -- spectral-domain optical coherence tomography; ONH -- optical nerve head.](medscimonit-26-e923232-g001){#f1-medscimonit-26-e923232}

###### 

Demographic characteristics in MCI patients and healthy controls.

                         Healthy (n=79)   MCI (n=79)     *P* value
  ---------------------- ---------------- -------------- -----------
  Age                    66.0±8.3         66.7±8.6       0.684
  Gender (Male/Female)   39: 40           38: 41         0.930
  Education levels       19: 36: 24       18: 35: 26     0.276
  MMSE score             28.86±1.53       22.09±3.05     \<0.001
  BCVA                   0.08±0.05        0.07±0.06      0.841
  Refractive error       0.17±1.63        0.26±1.81      0.582
  VDD (μm)               1741.9±155.8     1750.2±167.3   0.964
  HDD (μm)               1573.3±139.8     1562.9±165.2   0.891
  Axial length (mm)      23.29±0.63       23.56±0.76     0.650
  IOP (mmHg)             14.96±3.18       14.55±3.21     0.592
  CCT (μm)               539.17±30.09     537.60±28.52   0.922
  RNFL thickness (μm)    103.7±13.0       86.2±9.9       \<0.001
  Choroid thickness                                      
   Sub-foveal (μm)       249.5±30.1       232.4±29.7     \<0.001
   Temporal (μm)         228.0±25.6       221.5±21.0     0.684
   Nasal (μm)            216.7±21.8       213.3±20.5     0.761

Data are presented as the mean±standard deviation unless otherwise specified. MCI -- mild cognitive impairment; IOP -- intraocular pressure; BCVA -- Best-Corrected Visual Acuity; VDD -- vertical disc diameter; HDD -- horizontal disc diameter; MMSE -- Mini-Mental Status Examination; RNFL -- retinal nerve fiber layer; CCT -- central corneal thickness.

###### 

Hippocampal volumes and LCT measurements in MCI patients and healthy controls.

                       Healthy (n=79)   MCI (n=79)       *P* value
  -------------------- ---------------- ---------------- -----------
  Hippocampus                                            
   Total (mm^3^)       7.73±0.61        6.41±0.52        \<0.001
   Right (mm^3^)       3.85±0.36        3.29±0.21        \<0.001
   Left (mm^3^)        3.82±0.33        3.26±0.22        \<0.001
  CSF                                                    
   Pressure (mmHg)     13.1± 2.2        13.6±2.5         P=0.24
   Aβ1--42 (pg/mL)     471.25±130.79    338.51± 122.05   \<0.001
   T-tau (pg/mL)       64.09±18.21      93.18±25.01      \<0.001
   P-tau181P (pg/mL)   25.49±12.06      36.64±15.23      \<0.001
  LCT (μm)                                               
   Superior            230.81±15.92     209.25±15.80     \<0.001
   Central             259.82±16.91     246.61±17.06     \<0.001
   Inferior            238.06±18.25     221.62±17.21     \<0.001
   Average             246.25±16.08     228.03±16.65     \<0.001
  LCD (μm)             436.54±77.29     433.69±87.70     0.72

Data are presented as the mean±standard deviation unless otherwise specified. MCI -- mild cognitive impairment; Aβ1--42 -- amyloid β1--42; CSF -- cerebrospinal fluid; LCD -- lamina cribrosa depth; LCT -- lamina cribrosa thickness.

###### 

Factors associated with the lamina cribrosa thickness in MCI patients.

                        Univariate analysis   Multivariate analysis                                    
  --------------------- --------------------- ----------------------- ------- -------- --------------- -------
  MMSE score            0.552                 0.876, 0.209            0.039   0.401    0.738, 0.217    0.096
  RNFL thickness (μm)   2.318                 3.628, 1.294            0.615   --       --              --
  Choroid thickness     0.861                 −1.251, 2.687           0.321   --       --              --
  Hippocampus volume    0.631                 −1.309, 2.209           0.001   0.545    −0.971, 1.883   0.001
  Aβ1--42 (pg/mL)       −0.139                −2.597, 2.150           0.356   --       --              --
  T-tau (pg/mL)         −0.629                −0.985, 1.372           0.005   −0.496   −0.746, 1.104   0.059
  P-tau181P (pg/mL)     3.769                 6.530, 1.561            0.028   2.984    5.671, 1.309    0.085

Data are presented as the mean±standard deviation unless otherwise specified. MCI -- mild cognitive impairment; BMI -- body mass index; IOP -- intraocular pressure; MMSE -- Mini-Mental Status Examination; RNFL -- retinal nerve fiber layer; Aβ1--42 -- amyloid β1--42.

###### 

Demographic characteristics of melatonin group and placebo group.

                         Melatonin (n=40)   Placebo (n=39)   *P* value
  ---------------------- ------------------ ---------------- -----------
  Age                    66.3±8.8           66.5±8.3         0.838
  Gender (Male/Female)   21: 19             21: 18           0.951
  Education levels       7: 16: 13          10: 15: 11       0.276
  MMSE score             23.19±2.06         20.56±2.17       \<0.001
  BCVA                   0.09±0.03          0.08±0.05        0.795
  Refractive error       0.24±1.51          0.26±1.69        0.806
  VDD (μm)               1748.2±150.6       1746.0±155.8     0.923
  HDD (μm)               1569.8±149.1       1555.3±152.5     0.864
  Axial length (mm)      23.38±0.66         23.51±0.69       0.713
  IOP (mmHg)             14.83±3.06         14.60±3.18       0.607
  CCT (μm)               535.94±31.52       538.80±26.91     0.896
  RNFL thickness (μm)    82.6±9.1           76.8±8.3         \<0.001
  Choroid thickness                                          
   Sub-foveal (μm)       231.6±28.13        223.9±24.6       \<0.001
   Temporal (μm)         208.3±20.1         195.3±16.9       \<0.001
   Nasal (μm)            202.3±18.5         192.8±16.0       \<0.001

Data are presented as the mean±standard deviation unless otherwise specified. AD -- Alzheimer's disease; MCI -- mild cognitive impairment; IOP -- intraocular pressure; BCVA -- Best-Corrected Visual Acuity; VDD -- vertical disc diameter; HDD -- horizontal disc diameter; MMSE -- Mini-Mental Status Examination; RNFL -- retinal nerve fiber layer; CCT -- central corneal thickness.

###### 

Hippocampal volumes and LCT data in melatonin group and placebo group.

                       Melatonin (n=40)   Placebo (n=39)   *P* value
  -------------------- ------------------ ---------------- -----------
  Hippocampus                                              
   Total (mm^3^)       6.71±0.39          6.49±0.32        \<0.001
   Right (mm^3^)       3.38±0.31          3.27±0.21        \<0.001
   Left (mm^3^)        3.36±0.29          3.21±0.22        \<0.001
  CSF                                                      
   Pressure (mmHg)     13.3±2.1           13.5±2.3         P=0.38
   Aβ1--42 (pg/mL)     329.62±117.59      310.82±118.66    \<0.001
   T-tau (pg/mL)       95.05±22.94        108.29±17.60     \<0.001
   P-tau181P (pg/mL)   38.27±13.80        45.08±12.73      \<0.001
  LCT (μm)                                                 
   Superior            206.91±14.55       195.29±15.10     \<0.001
   Central             246.83±16.02       238.50±13.79     \<0.001
   Inferior            220.54±15.16       205.08±14.21     \<0.001
   Average             226.89±16.02       215.42±15.28     \<0.001
   LCD (μm)            435.80±70.18       432.65±68.24     0.76

Data are presented as the mean±standard deviation unless otherwise specified. Aβ1--42 -- amyloid β1--42; CSF -- cerebrospinal fluid; LCD -- lamina cribrosa depth; LCT -- lamina cribrosa thickness.
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